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@ Method, system and device for determining quality of assembly of tool parts. 



© A method, system and device for determining 
the quality of assembly of borehole tool parts (12, 
14) involves measurement of the rates of rotation of 
the tool parts or the torque imposed on the tool 
parts, or a combination thereof, followed by mea- 
surement of axial strain, or torsional strain, or hoop 
strain, or a combination thereof. The measured data 
are processed in a computer (28) so as to determine 
the presence of a shoulder, seizing, seals, extreme 
hoop pressure, mismatched connections, and the 
like during assembly of the tool parts, thus assuring 
^quality of assembly. The collected data are plotted 
^versus time and displayed (by computer screen 30) 
lOfor the operator. The clamping device employed can 
Q*be a one-part device (22') for measuring hoop strain 
°®only, or it can be a two-part device (22) for measur- 
es ing one or more of the aforementioned strain values. 
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METHOD, SYSTEM AND DEVICE FOR DETERMINING QUALITY OF ASSEMBLY OF TOOL PARTS 



Technical Field 

The present invention relates to a method, sys- 
tem and device for determining the quality of as- 
sembly of tool parts. For example, the method, 
system and device of the present invention can be 
utilized to insure proper assembly and or disas- 
sembly of an oil drilling tool. 



Background Art 

Once a borehole has been drilled into the earth 
for the purpose of penetrating earth formation, pipe 
strings are run into the borehole in order to facili- 
tate the flow of earth fluids to the surface. Such 
pipe strings are assembled from pipe string sec- 
tions, typically having a pin at one end and a box 
member at the other end. and the pipe sections are 
run into the borehole as the sections are intercon- 
nected. 

The interconnection or assembly of the pipe 
string sections is carried out by the use of a power 
tong to connect the pin of one section to the box of 
another. The power tong typically comprise a ro- 
tary jaw member for gripping the pipe and a motor 
for rotating the jaw member until the pipe string 
sections have been tightened to a desired degree. 
The joint must be tight enough to prevent leakage 
while developing high joint strength, but the joint* 
must not be so tight as to damage the threads of 
either the box member or the pin of the connected 
pipe sections. 

In the past, a number of techniques have been 
used to determine the amount of torque required to 
connect the pipe string sections together with the 
desired degree of tightness. Some techniques have 
involved measurement of both the torque and the 
number of revolutions of the pipe string sections by 
the power tong. For example, see the following 
U.S. patents: 3.368.396; 3.606,664; 3,745.820: 
4.068,189: 4.091,451; 4,176,436; 4,210.017; and 
4,365.402. 

Other disclosures of general background inter- 
est relative to the invention are contained in the 
following U.S. patents: 1.907.461; 1,985.916; 
2,527.456: 2,971.373; 3.390,575; 3.492,866; 
3,527.094: and 4,738,145. In addition, the following 
publication is of general background interest: 
"Portable Roundness-Tester for Checking Bores in 
Large Components", Machines and Tooling, Vol- 
ume XLI. No. 1 (1970). pp. 57-58. 

Some arrangements and techniques, such as 
that disclosed in U.S. Patent No. 4,738,145, employ 
a torque-only plot in order to interconnect pipe 



sections. However, such arrangements and tech- 
nique of the prior art produce inaccurate results 
under certain conditions, such as when: (1) defects 
are present in the pipe connections (such defects 

r > can be due to damage during manufacture, use. 
storage or handling; (2) the tubing (typically 30 feet 
or longer) is bent; (3) the tubing extends for such a 
length (three sections or ninety feet) so as to cause 
the threads to carry extra weight and possibly 

w wobble during assembly; (4) wind or derrick mis- 
alignment causes pipe misalignment, resulting in 
inaccurate torque plots: or (5) too much lubricant, 
too little lubricant or the wrong type of lubricant 
adversely affecting the torque plot. 

15 In some arrangements of the prior art. strain 

gauges have been used in many forms and ap- 
plications. However, other devices such as LVDT 
devices and the inductance family of linear mea- 
suring devices are considered easier to use. de- 

20 pending on the skill of the user. Nevertheless, in 
light of the devices of the prior art. it is considered 
desirable to develop a measuring device which 
provides a strain plot without dimensions and set- 
tings being critical to good test results, and which 

25 is portable, does not require a great deal of skill to 
use. does not require that a strain gauge be at- 
tached directly to the surface being tested, is easy 
to calibrate, is relatively inexpensive, and is avail- 
able in an intrinsically safe embodiment. 

30 Prior to describing the invention, a few defini- 

tions should be set forth. The term "stress" is a 
term used to compare the force applied to a ma- 
terial and the ability of the material to carry the 
force. Stress cannot be measured directly, and it 

35 must be computed from other measurable param- 
eters, one of which is strain. 

With respect to the term "strain" when a force 
is applied to a material and the material deforms, 
this deformation is called "strain". Strain can be 

40 given a value by measuring the deformation of a 
certain unit of length of the material before a force 
is applied, and then measuring the deformation of 
the unit of length after a force is applied. Strain can 
be either tensile or compressive. Moreover, strain 

45 can be measured by various mechanical and elec- 
trical methods. 

The term "torque" is a unit that measures 
rotational motion around an axis. It is the product of 
a force and the moment arm of the force, the 

so moment arm being the perpendicular distance from 
the axis to the line of action of the force. 

Finally, the terms "torsion" or "torsional" refer 
to the twisting or wrenching of a body by the 
exertion of forces tending to turn one end or part of 
the body about a longitudinal axis while the other 
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end is held fast or turned in the opposite direction. 



Summary of the Invention 

The invention generally relates to a method, 
system and device for determining the quality of 
assembly of tool parts (e.g.. oil drilling pipe sec- 
tions). 

Basically, the method and system call for de- 
termination of the quality of assembly of tool parts, 
wherein a first tool part is assembled with a second 
tool part by rotatably inserting the first tool part into 
the second tool part to form a tool joint. The 
method and system of the invention further involve 
measurement of the rates of rotation of the first and 
second tool parts relative to each other, or mea- 
surement of the torque imposed on the first and 
second tool parts, or measurement of both the 
rates of rotation and the torque to obtain a first set 
of data, coupled with measurement of axial strain, 
or torsional strain, or hoop strain, or a combination 
thereof to obtain a second set of data, followed by 
processing or correlation of the first and second 
sets of data to determine the quality of assembly of 
the tool parts. 

In accordance with the invention, a specially 
designed clamping device is easily and quickly 
attached to one of the tool parts (in the case of an 
oil drilling pipe, the box portion thereof), and the 
strain. measurement(s) is (are) taken. In the case of 
two or more strain measurements, preferably, the 
clamping device is a two-part clamping device. The 
two parts of the clamping device are separated by 
a spacer, and are interconnected by means of a 
tapered screw, tapered retaining bolt, cam, snap- 
type clamp, or some type of flexible material. A 
further feature of the clamping device involves the 
use of inserts for adapting the clamping device for 
use with different size pipes, such inserts enabling 
the user to quickly transfer the clamping device 
from one pipe size to another. Finally, the clamping 
device of the present invention is highly portable, 
and has the capability of providing two or more 
strain readings at a time. 

Finally, the invention provides advantages in 
that a strain gauge does not have to be attached 
directly to the surface being tested, dimensions 
and settings are not highly critical for good test 
results, and the information obtained is immediately 
useful to determine the quality of the connection. 

Therefore, it is a primary object of the present 
invention to provide a method, system and device 
for determining the quality of assembly of tool 
parts. 

ft is an additional object of the present inven- 
tion to provide a method, system and device 
wherein measurement of rotational rates and/or 
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torque is followed by measurement of one or more 
of axial strain, torsional strain and hoop strain, and 
wherein the aforementioned measurements are cor- 
related to determine the quality of assembly of the 

5 tool parts. 

It is an additional object of the present inven- 
tion to provide a clamping device which can be 
easily and quickly attached to and disconnected 
from the tool parts being assembled. 

io It is an additional object of the present inven- 

tion to provide a two-part clamping device which is 
attached to one of the tool parts, and by means of 
which strain measurements are made as a result of 
movement between the two clamp parts. 

/5 It is an additional object of the present inven- 

tion to provide a clamping device which has the 
capability of being quickly transferred from one tool 
assembly to another. 

It is an additional object of the present inven- 

20 tion to provide a highly portable clamping device 
which is capable of providing two or more strain 
readings at a given time. 

It is an additional object of the present inven- 
tion to provide a method, system and device which 

25 is easier to attach to a tool assembly, easier to use. 
highly effective and accurate, and minimal in cost. 

The above and other objects, as will hereinafter 
appear, and the nature of the invention will be more 
clearly understood by reference to the following 

30 detailed description, the appended claims, and the 
accompanying drawings. 

Brief Description of Drawings 

35 

Figure 1 is a diagrammatic representation of 
the measuring system and device of the present 
invention used with a typical oil well tubing assem- 
bly. 

40 Figure 2 is a cross-sectional side view of a 

typical oil well tubing connection with which the 
system and device of the present invention are 
used. 

Figure 3 is a side view in partial section of 
45 the measuring or clamping device of the present 
invention. 

Figures 4A and 4B are top views of the 
device of Figure 3. 

Figures 5, 6 and 7 are torque-time plots 
so used to show the advantage of the present inven- 
tion with respect to arrangements of the prior art 
(which measured torque only). 

Figure 8 is a block diagram of the system of 
the present invention. 
55 Figure 9 is a flowchart of the computer oper- 

ations performed by the system of the present 
invention. 

Figures 10. 11 and 12 are illustrations of 
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graphical displays resulting from operation of the 
method, system and device of the present inven- 
tion. 

Best Mode for Carrying Out the Invention 

The method, system and device of the present 
invention will now be described in more detail with 
reference to the various drawings. 

Figure 1 is a diagrammatic representation of 
the system and device of the present invention, 
while Figure 2 is a cross-sectional side view of a 
typical oil well tubing connection with which the 
method, system and device of the present inven- 
tion are employed. 

Referring to Figure 1. the system 10 comprises 
a power tong 16 with associated hydraulic motor 
18. the power tong 16 being connected to the pin 
12 of a drill pipe section, and a clamping device 22 
connected to the box 14 of the the drill pipe 
section. The clamping device 22 comprises a top 
clamp 24 and a bottom clamp 26, from which 
measurements of hoop strain, axial strain and tor- 
sional strain are derived, such strain measurements 
being provided to a computer 28 having a display 
30. A load cell 20 connected to power tong 16 
•provides a torque measurement to the computer 
28. 

In the righthand portion of Figure 1, an op- 
tional, single-clamp embodiment for measuring 
hoop strain only is shown. A single-part clamp 22 - 
(shown in plan and elevation) is connected to the 
box 14a of a drill pipe, the single-part clamp 22 
being provided with a spring clamp 32 as shown. 
The hoop strain measurement is provided to the 
computer 28. 

Referring to Figure 2, which is a cross-sec- 
tional side view of a typical oil well tubing connec- 
tion, the typical connection is seen to comprise a 
pin rotatably inserted into a box 14. the pin 12 and 
box 14 being interconnected by engagement of an 
external tapered thread 40 (a generic composite 
thread) on pin 12 with a corresponding internal 
thread in box 14. Reference numeral 42 indicates a 
torque shoulder typically provided in such connec- 
tions in order to insure proper tightening of pin 12 
within box 14 so as to achieve an appropriate 
sealing effect. More specifically, the torque shoul- 
der 42 applies additional stress and sealing surface 
to the interconnection of pin 12 and box 14. 
Whereas torque is the result of both thread interfer- 
ence (a tapered thread) and torque shoulders and 
seals, a typical thread may require fifty percent of 
the total torque applied to the shoulder during 
assembly, as is well-known to those of skill in the 
art. 

Figure 3 is a side view in partial section, and 
Figures 4A and 4B are top views, of the clamping 
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device of the present invention. As seen therein, 
the clamping device 22 comprises the following 
elements: top clamp 24. bottom clamp 26. tapered 
screw (or cam) 50. spacer 52. targets 54. 154 and 
5 254. sensors 58. 158 and 258. inserts 60 and 61, 
cam latch 62 (both top and bottom, although only 
the top is shown), hinge 64. handles 66 and 67, 
spring 260 and spring pad 262. 

Targets 54. 154 and 254 are flat pieces of iron 
io set at approximately a right angle with respect to 
sensors 58. 158 and 258. respectively. Although 
targets 54. 154 and 254 do not necessarily form an 
integrated component or part, they could be a part 
of the same body of metal. 
15 Air gap 56 is formed between target 54 and 

sensor 58. while air gap 156 is formed between 
target 154 and sensor 158, and air gap 256 is 
formed between target 254 and sensors 258. Thus, 
when there is movement between the top clamp 24 
20 and bottom clamp 26. there is a variation in the 
linear dimension of air gaps 56 and or 156 and or 
256, and the sensors 58. 158 and 258 measure the 
newly modified linear distance across air gaps 56, 
156 and 256. respectively (that is. between target 
25 54 and sensor 58 with respect to the air gap 56. 
between target 1 54 and sensor 1 58 with respect to 
air gap 156, and between target 254 and sensor 
258 with respect to air gap 256). Preferably, sen- 
sors 58. 158 and 258 comprise conventional sensor 
30 devices such as the sensor device manufactured 
by Electro Corporation. 

Alternatively, sensors 58. 158 and 258 in Fig- 
ures 3, 4A and 4B. respectively, can be imple- 
mented by conventional transducing systems such 
35 as the EMDT transducing system in which a very 
low-level radio frequency field is generated in front 
of the sensor. Such a field generates eddy currents 
in any metal target (such as targets 54, 1 54 or 254) 
which the field intercepts, and these eddy currents 
40 remove energy from the field so as to reduce the 
apparent Q (quality factor) of the sensor. As is well- 
known to those of skill in the art, in such a conven- 
tional arrangement, the reduction in Q is translated 
into a signal output that is proportional to the 
45 distance between the sensor 58. 158, or 258 and 
the target 54. 154 or 254. Further information rela- 
tive to this concept can be found in U.S. Patent No. 
4,068.189. 

Inserts 60 and 61 are parts of the top clamp 24 
so and bottom clamp 26, respectively. They are used 
to adapt the clamping device 22 for use with pipes 
of different size, the inserts 60 and 61 enabling the 
user to quickly transfer the clamping device 22 
from one pipe size to another. 
55 With respect to use and operation of the inven- 

tion, the clamping device 22 is best attached to the 
box 14 just before the power tong 16 is applied to 
the pin 12. The clamping device 22 is attached to 
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the box 14 at a position determined to give the 
desired readings, the choice of this position being 
obvious to a person of skill in the art. 

Further referring to Figures 3. 4A and 4B. once 
the clamping device 22 is positioned on the box 
14. cam latches (top and bottom) 62 are set to their 
latch positions- Tapered screw 50 is loosened, and 
the spacer 52 is removed. Removal of spacer 52 
removes any firm contact between top clamp 24 
and bottom clamp 26 other than their common 
contact with the box 14. It should be noted that it is 
not essential to use or remove spacer 52 for use of 
the clamping device 22 to obtain torsional or torque 
readings because only twisting movement is in- 
volved in that operation. 

After attaching clamping device 22 to box 14. 
power tong 16 is attached to pin 12. the pipe is 
rotated, and the thread 40 is assembled. Depend- 
ing on particular thread needs, the entire assembly 
may be subjected to data measurement and re- 
cording by the computer 28 (Figure 1) or. as in 
most cases, it can be predetermined that a certain 
threshold torque be reached before the computer 
28 records the thread makeup. 

Power tong 16 is stopped when a predeter- 
mined level of torque is reached. The computer- 
generated graphics on display 30 are then ob- 
served by a trained operator to determine if the 
thread assembly is good or bad. If a bad assembly 
is detected, the entire connection is disassembled. 
However, if a good assembly is detected, power 
tong 16 and clamping device 22 are removed, and 
the next connection is prepared. 

Further referring to Figure 3, the top clamp 24 
and bottom clamp 26 are held apart by spacer 52 
and tapered screw 50. After attachment of the 
clamp 22 to the box 14, the screw 50 is loosened 
and the spacer may be removed, allowing the top 
clamp 24 and bottom clamp 26 to be free of each 
other. However, in cases where it is known that the 
clamps will pull apart or twist, removal of the spac- 
er 52 may not be necessary. That is to say, re- 
moval of spacer 52 allows the top clamp 24 and 
bottom clamp 26 to come together without touching 
each other. When the top clamp 24 and bottom 
clamp 26 are being twisted (one in the clockwise 
direction and the other in the counter-clockwise 
direction) for a reading of torsional strain, no spac- 
er 52 or removal of spacer 52 is necessary. It is 
only necessary for the tapered screw 50 (which 
acts as a clamping screw) to be loosened to allow 
for free rotation of the top clamp 24 and bottom 
clamp 26. 

For quick attachment of the clamping device 
22, it is important to have the doors 22a and 
bodies 22b in the correct position. With respect to 
the latter statement, referring to Figure 4A, the 
clamping device 22 is seen to comprise right semi- 



circular portions (top and bottom) defining doors 
22a and left semi-circular portions (top and bottom) 
defining bodies 22b. Each door 22a is connected to 
a respective body 22b at a hinge joint 64 so that 

5 the door 22a can swing in a counter-clockwise 
direction about hinge 64 and away from the body 
22b. During the clamping operation, once the bod- 
ies 22b are positioned around box 14. doors 22a 
are rotated in a clockwise direction around hinge 

io 64 so as to close on bodies 22b. and the entire 
assembly is locked in place by counter-clockwise 
rotation of cam latches 62 around pivot 63, the cam 
latches 62 arriving at a locking position wherein an 
interior portion 62a of latch 62 abuts against a flat 

t5 end portion 61 of the door 22a. 

Thus, in order to facilitate attachment of clamp- 
ing device 22 to box 14. and in order to permit the 
clamping operation to be carried out as quickly as 
possible, all parts including doors 22a and bodies 

20 22b should be in an optimum open position in 
order to allow easy placement of clamping device 
22 on the box 14 of the pipe. Preferably, this is 
accomplished by means of the use of various stops 
and springs (not shown), which can be designed 

25 into the clamping device 22 at appropriate places, 
as would be obvious to a person of skill in the art. 

In addition, for quick completion of the clamp- 
ing operation, doors 22a should swing together by 
attaching them together with flexible material. That 

30 is to say, if top and bottom doors 22a are loosely 
connected to each other by some flexible material, 
such as fabric belting, springs, loose pins, or the 
like, when the top door 22a is closed, the bottom 
door 22a will also close in unison therewith, and 

35 the clamping operation will be speeded up accord- 
ingly. It should be noted that the loose connection 
of doors 22a in this manner will not and should not 
interfere with the strain readings derived by means 
of the clamping device 22. 

40 Further referring to Figure 4A, it should be 

noted that, preferably, tapered screw 50 is best 
placed on the same side of clamping device 22 as 
sensor 158 and target 154 are located, that is, on 
the side defining body 22b. In Figure 4A, the 

45 tapered screw 50 is shown on door 22a merely for 
the sake of clarity in viewing and interpreting Fig- 
ure 4A. 

Handles 66 and 67 of clamping device are 
provided as portions which the operator may grip 

so while clamping device 22 is being attached to or 
removed from the box 1 4. 

In Figure 3. the target 54 and sensor 58, with 
the air gap 56 therebetween, are employed to 
measure axial strain movement of the box 14 reia- 

55 tive to the torque being applied by pin 12. That is 
to say. as the connection defined by pin 12 and 
box 14 is subjected to axial strain, movement in- 
dicated by the double-headed arrow A in Figure 3 
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take place, resulting in a modification of air gap 56. 
This modification in the air gap 56 is detected by 
sensor 58 operating in conjunction with target 54. 
and the axial strain to which the connection is 
subjected is measured by computer 28 in response 
to the signal received from sensor 58. 

In Figure 4A. the target 154 and sensor 158, 
with the air gap 156 therebetween, are employed to 
measure torsional strain movement of the box 14 
relative to pin 12. In operation, when pin 12 is 
rotated and torqued into box 14. some twisting of 
box 14 will occur in some portion relative to the 
torque being applied. At the time that seals or 
shoulders (torque shoulder 42 of Figure 2) are 
contacted, the amount of change in the twist of box 
14. corresponding to torsional strain movement de- 
fined by the double-headed arrow B appearing in 
Figure 4A. is recorded by computer 28 as a result 
of a signal from sensor 158. More specifically, the 
torsional strain movement results in modification of 
air gap 156. this modification in air gap 156 is 
detected by sensor 158 (operating in combination 
with target 154). and sensor 158 provides a cor- 
responding signal to the computer 28. These strain 
or twist changes, when compared with the torque 
curve - derived by load cell 20 (Figure 1) in a 
conventional manner - enable a decision to be 
made as to the quality of the connection. 

Further referring to Figure 4A. it should be 
noted that, the further the sensor 158 is placed 
from the center axis of the pipe (indicated by 
reference character X). the more sensitivity and 
amplification will be achieved by using the device 
of the present invention. 

Referring to Figures 3. 4A and 4B, the inserts 

60 and 61 are provided in order to transfer the 
clamping device 22 easily from one pipe of one 
size to another pipe of another size. Inserts 60 and 

61 are, preferably, made of metal such as steel, 
aluminum, or any other suitable material. Inserts 60 
and 61 are attached to the clamping device 22 by 
a bolt or bolts (not shown) passing through the 
flange parts of inserts 60 and 61. Inserts 60 and 61 
are so designed as to allow one clamping device 
22 to fit several pipe sizes by merely changing the 
sizes of inserts 60 and 61. 

In Figure 4B. the target 254 and sensor 258. 
with the air gap 256 therebetween, are employed to 
measure hoop strain movement (designated by the 
double-headed arrow C) of the box 14 relative to 
pin 12. In operation, as the connection defined by 
pin 12 and box 14 is subjected to hoop strain, a 
change in the circumference of the pipe 13 takes 
place, and this change in the circumference results 
in a corresponding change in the distance between 
the target 254 and the sensor 258. In particular, the 
arrangement of the spring 260 and the spring pad 
262 permits the air gap 256, or the dimension 
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between the target 254 and the sensor 258, to 
change, and detection of this change in dimension 
results in measurement of the change in circum- 
ference of the pipe 13. In this manner, the hoop 
5 strain sensor 258 provides an electrical signal cor- 
responding to hoop strain, as indicated in Figure 
4B. 

Figure 5, 6 and 7 are torque-time plots used to 
show the advantage of the present invention with 

w respect to arrangements of the prior art (which 
measured torque only). More specifically, Figure 5 
is a time-torque plot in which the encountering of 
the shoulder 42 (Figure 2) during the assembly of a 
pin 12 and box 14 is indicated by a rapid change in 

15 the torque curve, that is, a rapid increase in the 
slope of the torque curve. Under near perfect con- 
ditions of assembly, this "torque measurement 
only" technique has worked fairly well in the prior 
art. However, under less than perfect conditions, 

20 the torque-time curve during assembly of pin 12 
and box 14 will be as appears in Figure 6, and 
there will be no abrupt increase in the slope of the 
torque curve, so that encountering of the shoulder 
during assembly is not detected. 

25 As shown in Figure 7, the present invention is 

based on the fact that, whereas the torque-time 
curve will not work under the conditions of Figure 
6. the strain curve shown in Figure 7 (as a dotted 
line) will enable the user to detect encountering of 

30 the shoulder 42 during assembly of pin 12 and box 
14 (Figure 2). 

Figure 8 is a block diagram of the system of 
the present invention. As seen therein, the system 
basically comprises a tong unit 70, a strain mea- 

35 surement unit 90, a junction box 1 00, and a system 
enclosure 110 to which are connected to keypad 
120 and a printer 122. 

The system enclosure 110 comprises: com- 
puter 28 (which can be any suitable computer, 

40 such as a personal computer); cathode ray tube 
display (CRT) 30; digital input device 112. serving 
as an interface for receiving digital data and provid- 
ing same to the computer 28; digital output device 
114, serving as an interface and digital-to-analog 

45 converter for receiving digital data from computer 
28 and converting the digital data to analog form 
prior to provision of the analog signals to tong unit 
70; analog input device 116. serving as an interface 
and analog-to-digital converter for receiving digital 

so data from tong unit 70 and strain measurement unit 
90 and converting the analog data to digital form 
prior to provision of the digital data to computer 28; 
and power supply 118. 

Tong unit 70 comprises previously mentioned 

55 load cell 20 (see Rgure 1) which is connected to 
power tong 16 and is utilized to measure the 
torque applied to box 12 and pin 14, the torque 
measurement being provided by pressure transmit- 
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ter 80 as an analog input to element 116. Pressure 
transmitter 80 is a conventional device, preferably 
a two-wire FMA gage, absolute pressure transmitter 
manufactured by SENSOTEC. 

long unit 70 also comprises encoder disk 72 5 
connected to box 12 and measuring wheel 74 
connected to pin 14. disk 72 and wheel 74 being 
utilized to measure the number of revolutions 
through which the box 12 and pin 14 turn. The turn 
data are encoded by top turns encoder 82 and w 
bottom turns encoder 84, respectively, and the 
encoded digital turns data are provided via digital 
input 112 to the personal computer 28. Computer 
28 utilizes this turns data and timing data from its 
internal clock to compute the revolutions per ;s 
minute (RPM's) of the pin 12 and box 14 during 
assembly. 

Shift valve 76 and relief valve 78 are controlled 
by shift valve control circuit 86 and relief valve 
circuit 88. respectively, the latter control circuits 20 
responding to analog signals provided by digital 
output (DAC) device 114. device 114 receiving 
digital commands from computer 28. The shift 
valve 76 and the relief valve 78 are parts of the 
conventional hydraulic circuit (not shown) of the 25 
conventional tong unit 70. Shift valve 76 hydrauli- 
cally changes the speed of power tong 16 (Figure 
1). while relief valve 78 stops the power tong 16 
when a predetermined torque value has been 
reached. 30 

Preferably, shift valve 76 and relief valve 78 
are implemented by a two-way. normally closed, 
poppet-type, pilot-operated, solenoid-actuated, 
cartridge-type, hydraulic directional control valve 
such as manufactured by Modular Controls. as 

As already discussed above, with reference to 
Figures 3, 4A and 4B, the strain probes 58, 158 
and 258 operate in conjunction with their respective 
targets 54. 1 54 and 254 to generate signals which 
provide indications of the axial, torsional and hoop 40 
strain, respectively, to corresponding probe con- 
verters 102. 104 and 106, respectively. Strain 
probes 58. 158 and 258 produce outputs compris- 
ing a low-level radio frequency output correspond- 
ing to the values of axial, torsional and hoop strain. 45 
respectively, and converters 102, 104 and 106 con- 
vert the radio frequency outputs to analog signals, 
preferably having a voltage range of 2 to 1 0 volts. 

The analog outputs of converters 102, 104 and 
106 are provided to analog input (ADC) device 116, 50 
the latter converting these analog signals to ditigal 
form for provision as digital input data to the com- 
puter 28. 

As indicated in Figure 8, preferably, the input 
and output signals and data provided by and to the 55 
tong unit 70 and strain measurement unit 90 flow 
through a junction box 100. 

Power supply 118 provides power for operation 
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of each of the major elements within the system 
enclosure 110. including digital input device 112. 
digital output (DAC) device 114. and analog input 
(ADC) device 1 16. 

Computer 28 can display the results of its data 
processing on either CRT display 30 or printer 122. 
and operator input data can be provided via 
keypad 120 to the computer 28. 

To summarize the operation of the system of 
Figure 8. the method or technique of the present 
invention involves the following steps: 

(1) calculation of the revolutions per minute 
of the pin 12 and power tong 16 based on mea- 
surement of the turns through which the pin 12 
pass by encoder disk 72 and top turns encoder 82 
(the measuring wheel 74 and bottom turns encoder 
84 are associated with the box 14, are only used 
under special conditions to measure the bottom 
pipe rotation, and are not used at the same time 
that the clamping device 22 is used for measure- 
ment of the various strain values); 

(2) measurement of the torque imposed on 
the box 12 and pin 14 during initial engagement of 
box 12 and pin 14, and after engagement of the 
shoulder 42. such measurement being taken by the 
load cell 20 and pressure transmitter 80; 

(3) measurement of axial strain between pin 
12 and box 14. as measured by axial strain probe 
58 and probe converter 102; 

(4) measurement of torsional strain between 
pin 12 and box 14. as measured by torsional strain 
probe 158 and probe converter 102; and 

(5) measurement of hoop strain about the 
circumference of box 14 when maximum torque is 
imposed, such measurement being taken by hoop 
strain probe 258 and probe converter 106. 

In actuality, it is possible for the inventive 
method, system and device to perform the function 
of detection of shoulder engagement by measure- 
ment of only one of the strains (hoop, axial or 
torsional). As mentioned earlier, in the case where 
hoop strain only is measured, a single-clamp ar- 
rangement as shown in the nghthand portion of 
Figure 1 can be employed. 

Figure 9 is a flowchart of the operations per- 
formed by computer 28 in processing the strain 
measurement data provided by strain measurement 
unit 90. as well as the torque and turns data 
provided by tong unit 70, as described above. 

Referring to Figures 8 and 9, the operator 
commences operation of the system by using func- 
tion keys on keypad 120 to display the menu on 
display 30 (block 201 of Figure 9). The keypad 120 
is then used to enter values requested on the 
menu (block 202 of Figure 9) and relating to the 
current thread assembly. 

Preferably, the operator is presented with the 
display of a menu containing some or all of the 



7 



13 



EP 0 386 895 A1 



following parameters: job number, comment code, 
connection number, previous connection number, 
torque requested, torque scale, torque maximum, 
torque minimum, torque reference, torque shoulder 
line, torque shift, top turns maximum, top turns 
minimum, bottom turns maximum, bottom turns 
minimum, time scale. RPM (revolutions per minute) 
scale, strain input multiplier, stop plot, relief valve 
time delay, pulses per revolution top. pulses per 
revolution bottom, piston area, transducer maxi- 
mum input, strain gauge maximum input, force 
device, and handle length. Of course, other menu 
settings may be introduced, as would be obvious to 
one of skill in the art. In any event, display of the 
menu permits the operator to alter default settings 
or enter new settings so as to "tailor" the param- 
eters to the particular job being performed. 

The operator then calls for graphics display by 
actuating another function key on keypad 120 
(block 203 of Figure 9). Then, assembly of pin 12 
and box 1 4 (Figure 1 ) commences by activation of 
the power tong 16 (block 204 of Figure 9). Input 
data from strain probes 58. 1 58 and 258. as well as 
from the other sensors in tong unit 70, are then 
provided via junction box 100 and devices 112. 114 
and 116. to the computer 28 (block 204a of Figure 
9). These input data are scanned by the computer 
28 (block 205). and the program then makes a 
decision as to whether or not to start the graphics 
plot of the data vs. time at a given reference point 
(block 206 of Figure 9). That is to say. a certain 
minimum torque must be reached before the com- 
puter 28 will plot and store information. 

Presuming that a reference point is identified, 
the data are plotted and appear on display 30 
(block 208 of Figure 9). As an option, at the same 
time, the data can be provided as an output to field 
devices, that is, to suitable peripheral output de- 
vices located adjacent to the assembly site (block 
207 of Figure 9). 

The program then determines whether or not 
the plotting is to be stopped and, once that deter- 
mination is made, the collected data are inspected 
(blocks 209 and 210 of Figure 9). The collected 
data are displayed on display 30 and. as another 
option, various statistical processing, zoom func- 
tions, or overlay functions can be carried out under 
the control of the operator (block 21 1 of Figure 9). 
The latter statistical processing, zoom functions 
and overlay functions are optional software-imple- 
mented functions which can be incorporated into 
the program of computer 28, as is well within the 
capability of programmers or ordinary skill in the 
art. 

Once the data are inspected, the operator can 
either accept or reject the data by operation of one 
or more function keys on keypad 120 (Wock 212 of 
Figure 9). In addition, the operator can save the 
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data by operation of ^corresponding function key 
on keypad 120 (block 213 of Figure 9). Finally, the 
operator can return to the menu by operation of 
another function key on keypad 120 (block 214 of 

5 Figure 9). and the sequence can then be restarted 
at any time by entering of menu values (returning 
to block 202 of Figure 9). 

Figures 10. 11 and 12 are illustrations of the 
type of graphical plots which would appear on 

/o display 30 as a result of implementation of the 
plotting function by the program of computer 28 
(block 208 of Figure 9). 

Referring to Figure 10, which is intended to 
represent an axial strain plot for a thread with an 

is external shoulder, whereas the torque curve does 
indicate to some extent the encountering of the 
shoulder 42 (Figure 2) during assembly of the pin 
12 and box 14. the strain curve provides a clearer 
indication of the shoulder, and it is that characteris- 

20 tic of the strain curve which constitutes the primary 
advantage of the method, system and device of the 
present invention. 

Further referring to Figure 10. it should be 
noted that, preferably, the computer 28 (Figure 1) 

25 is programmed to start the strain plot at the center 
of the left side of the display screen 30 regardless 
of what the strain voltage input value is at the start 
of the plot. The changing input strain voltage is 
recorded as a positive or negative trend. Starting in 

do the center of display screen 30 allows a positive 
and negative trend to be visualized. In addition, 
floating the input voltage to the screen center per- 
mits compensation for small errors in attaching the 
clamping device 22 to be provided. By way of 

35 example, in a range of 2 to 10 volts, an input of 4, 
4.33, 5.1, 5.39 volts would always start at the 
center of display screen 30. 

Referring to Figure 11, which represents a 
hoop strain plot, the torque curve could again be 

40 said to indicate generally the encountering of the 
shoulder 42 during assembly of the pin 12 and box 
14. but the plot of hoop strain is much more 
definitive in this regard. 

It should be noted that each thread type and 

45 size has its own strain curve signature. This signa- 
ture depends on what type of strain reading is 
taken (hoop, torsional or axial), as well as the 
position in which the clamping device 22 is placed. 
Referring to Figure 12, which is intended to 

so represent an axial strain plot for a thread with an 
external shoulder, the torque curve gives no appar- 
ent indication of the encountering of the shoulder 
42 during assembly of the pin 12 and box 14. 
However, the strain curve clearly indicates the en- 

55 countering of the shoulder 42. 

While preferred forms and arrangements have 
been shown in illustrating the invention, it is to be 
understood that various modifications can be made 
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disclosure. 



Claims 

1. A method for determining the quality of 
assembly of tool parts wherein a first tool part (12) 
is assembled with a second tool part (14) by 
rotatably inserting the first tool part into the second 
too! part to form a tool joint, characterised by the 
steps of: 

a) measuring (by 20) at least one of the 
rates of rotation of the first (12) and second (14) 
tool parts and the torque imposed on the first and 
second tool parts to obtain a first set of data: 

b) measuring at least one of axial strain, 
torsional strain and hoop strain imposed on the tool 
joint to obtain a second set of data; and 

c) processing (in 28) the first and second 
sets of data to determine the quality of assembly of 
the tool parts. 

2. The method of claim 1 . characterised in that 
(CIT) step (b) comprises measuring at least two of 
axial strain, torsional strain and hoop strain. 

3. The method of claim 1 or 2. CIT step (b) 
comprises measuring axial strain and torsional 
strain. 

4. The method of claim 1 or 2, CIT step (b) 
comprises measuring axial strain and hoop strain. 

5. The method of claim 1 or 2. CIT step (b) 
comprises measuring torsional strain and hoop 
strain. 

6. The method of claim 1 or 2, CIT step (b) 
comprises measuring axial strain, torsional strain 
and hoop strain. 

7. The method of any one of claims 1 to 6, CIT 
step (c) employs computer means (28) for receiv- 
ing the first and second sets of data. 

8. A system for determining the quality of 
assembly of tool parts, wherein a first tool part (12) 
is assembled with a second tool part (14) by 
rotatably inserting the first tool part into the second 
tool part to form a tool joint, the system (10) being 
characterised by: 

first means (20) for measuring at least one of the 
rates of rotation of the first (12) and second (14) 
tool parts and the torque imposed on the first and 
second tool parts to obtain a first set of data; 
second means (22) for measuring at least one of 
axial strain, torsional strain and hoop strain im- 
posed on the tool joint to obtain a second set of 
data; and 

processing means (28) for processing the first and 
second sets of data to determine the quality of 
assembly of the tool parts. 

9. The system of claim 8. CIT said second 
means (22) is used to measure at least two of axial 
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strain, torsional strain and hoop strain. 

10. The system of claim 8 or 9. CIT said 
means (22) measures axial strain and torsional 
strain. 

5 11. The system of claim 8 or 9. CIT said 

second means (22) measures axial strain and hoop 
strain. 

12. The system of claim 8 or 9. CIT said 
second means (22) measures torsional strain and 

io hoop strain. 

13. The system of claim 8 or 9. CIT said 
second means (22) measures axial strain and tor- 
sional strain and hoop strain. 

14. The system of claim 8 or 9. CIT it is 
is provided with computer means (28) for receiving 

the first and second sets of data. 

15. The system of any of claims 8 to 14. CIT 
said processing means (28) develops one or more 
plots of strain versus time for said at least one of 

20 the axial strain, the torsional strain and the hoop 
strain. 

16. The system of claim 15, CIT display means 
(30) are provided which are responsive to said 
processing means (28) for displaying the plot (5) of 

25 strain versus time. 

17. A clamping device (22) for deriving data to 
determine the quality of assembly of tool parts, 
wherein a first tool part (12) is assembled with a 
second tool part (14) by rotatably inserting the first 

30 tool part into the second tool part to form a tool 
joint, the device being characterised by the provi- 
sion of: 

connecting means (32) for connecting said device 
(22) to at least one of the first and second tool 

35 parts; and 

measuring means (20; 5458; 154-158; 254/258) for 
measuring at least one of axial strain, torsional 
strain and hoop strain imposed on the tool joint to 
obtain the data to determine the quality of assem- 

40 bly of the tool parts. 

1 8. The device of claim 1 7, CIT the measuring 
means measure torsional strain and at least one of 
axial strain and hoop strain. 

19. The device of claim 17 or 18, CIT said 
45 measuring means comprises a hoop strain probe 

(254258). 

20. The device of claim 19, wherein said con- 
necting means comprises a spring clamp (not illus- 
trated). 

50 21. The device of claim 17, 18 or 20, CIT said 

measuring means comprises an axial strain probe 
(54/58) and a torsional strain probe (154158). 

22. The device of claim 17, 18 or 20, CIT said 
measuring means comprises an axial strain probe 

55 (54/58) and a hoop strain probe (254258). 

23. The device of claim 17, 18 or 20, CIT said 
measuring means comprises a torsional strain 
probe (154/158) and a hoop strain probe (254/258). 



17 _ EP 0 386 895 A1 



24. The device of claim 17. 18 or 20. CIT said 
measuring means comprises an axial strain probe 
(54 58). a torsional strain probe (154 158) and a 
hoop strain probe {254 258). 

25. The device of any one of claims 17 to 24 s 
CIT said connecting means comprises a top clamp 

(24) and a bottom clamp (26). 

26. The device of claim 25. CIT said connect- 
ing means further comprises a tapered screw (50) 

for connecting said top clamp (24) to said bottom 10 
clamp (26). 

27. The device of claim 25 or 26. CIT said 
connecting means further comprises a spacer (52) 
msertabie between said top clamp (24) and said 
bottom clamp (26) for maintaining a gap there- is 
between. 

28. The device of any one of claims 17 to 27. 
CIT at least one insert (61) is attachable to said at 
least one of said tool parts (12. 14) for adapting 

said device to tool parts of different si2es. 20 

29. The device of any one of claims 17 to 28, 
CIT said measuring means comprise;? at least one 
sensor (58: 158; 258) and at least one target (54: 
154: 254) disposed adjacent to said at least one 
sensor so as to form an air gap (eg 56) there- 25 
between, and wherein said at least one sensor (eg 

58) detects variation in a dimension of said air 
gaps at said first tool part (12J and said second tool 
part (14) are assembled, said at least one sensor 
(58) generating an electrical signal corresponding 30 
to the variation in the dimension of said air gap 
(56). thereby generating an electrical indication of 
at least one of axial strain, torsional strain and hoop 
strain. 

30. The device of claim 30, CIT an electrical 35 
indication of torsional strain and at least one of 
axial strain and hoop strain, are generated. 
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